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Objective: The aim of the current report was to examine the association between indices of oral health condition and 


Abstract 


cardiovascular disease in an adult Greek population. 

Material and Methods: 1,026 individuals derived from two medical and one dental practice consisted the study sample. 
The participants underwent an oral and dental clinical examination and answered a questionnaire regarding oral health, 
dental care habits, cardiovascular disease, socio-economic and educational status. Odd ratios for all cardiovascular diseases 
(CVD) and the subgroup stroke, myocardial infarction and hypertension were assessed with a logistic regression model 
adjusted for age, gender, smoking, educational and socio-economic status. 

Results: After carrying out the logistic regression analysis model, an association between moderate/severe gingival 
inflammation (GI) and all CVD in general was observed (p=0.04, OR=1.87), and hypertension (p=0.03, OR= 1.73). There 
was also an association between severe PII and all CVD (p=0.022, OR=1.78), and hypertension (p=0.015, OR=1.88). 
Moreover, an association was found between BOP all CVD (p=0.01, OR= 1.89), and hypertension (p=0.005, OR= 1.98). 
Conclusion: The results indicated that oral health and, especially gingival inflammation (GI), plaque accumulation (PID) 
and presence of bleeding on probing (BOP) were associated with CVD and hypertension. 

Keywords: Epidemiology; Odds ratio; Cardiovascular disease; Risk factor; Periodontal disease 

Abbreviations: CVD: Cardiovascular Diseases, GI: Gingival Inflammation, PII: Plaque Index, BOP: Presence of Bleeding 
On Probing, PD: Periodontal Disease, DM: Diabetes Mellitus, CHD/CAD: Coronary Heart Disease And Artery Diseases, 
CRP: C Reactive Protein, ACVD: Atherosclerotic Cardiovascular Diseases, HT: Hypertension, SAA: Serum Amyloid A, 


a Confidence Interval, MI: Myocardial Infarction, PPD: Probing Pocket Depth, CAL: Clinical Attachment Loss, OR: J 
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Odds Ratios, HF: Heart Failure, AF; Arterial Fibrillation, IE: Infective Endocarditis, PAD: Peripheral Artery Disease, PISA: 
Periodontal Inflamed Surface Area, LGI: Low Grade Inflammation 


Introduction 

Periodontal disease (PD), gingivitis and periodontitis affect 
many people worldwide. PD and especially periodontitis is a 
chronic progressive inflammatory disease. It is characterized 
by periodontal tissue inflammation and destruction of 
periodontal fibers and alveolar bone. Several bacteria and 
their antigens, endotoxins and inflammatory cytokines, 
chemokines and other biomarkers such as Interleukins are 
increased in chronic periodontitis and activate a systemic 
inflammatory reaction [1,2]. 

Previous reports have linked several risk factors to 
periodontitis such as advanced age, male gender, smoking, 
diabetes mellitus (DM), low socioeconomic status [3], 
dyslipidemias, and excessive alcohol consumption [4,5], 
whereas the genetic basis of chronic periodontitis has also 
been suggested [6]. 

In Greece studies regarding the prevalence/incidence of PD 
have not been carried out, however, a previous one observed 
that 27. 5% of Greek adults aged 35-44 years old had shallow 
and deep pockets, whereas 9. 5% of the individuals examined 
had healthy periodontal tissues. The same report also showed 
that the prevalence of severe PD was not high, and the 
periodontal health had improved since 1985, whereas a 
corresponding decrease in gingivitis prevalence was not 
detected [7]. 

Cardiovascular disease (CVD) is the leading cause of death 
in the western industrialized world [8]. The most common 
CVD risk factors are advanced age, male gender, 
hypertension, marked obesity, abnormal lipid metabolism, 
DM _ [9,10], cigarette smoking and physical inactivity, 
socioeconomic status, diet, fibrinogen levels, platelet Pl 
polymorphism [10-12], stress, excessive alcohol 
consumption, use of non-steroid anti-inflammatory drugs, 
and possible endothelial cell injury [10,12,13]. The role of 
systemic chronic inflammation in CVD pathogenesis has also 
been proposed [11,14], whereas genetic influences in 
combination with environmental and behavioural risk factors 


have been suggested as its pathogenic factors [15]. However, 


a significant proportion of CVD is not explained by the 
traditional risk factors [12]. 

CVD is a group of vessels and heart disorders and include 
coronary heart disease and artery diseases (CHD/CAD) such 
as myocardial infarction (MI) and angina, cardiac 
arrhythmias (CA), stroke, hypertensive heart disease, 
cardiomyopathy, rheumatic heart disease, aortic aneurysms, 
endocarditis, cerebrovascular disease, etc. [16]. 

Since the prevalence of PD and CVD are high, an association 
between them would affect many individuals. Several reasons 
for a possible association between PD and CVD have been 
proposed. Both diseases have various risk factors in common. 
Such factors are male gender, smoking, DM, dyslipidemias 
[5,17], and low socio-economic statuses and have been 
involved in CVD and periodontitis pathogenesis [18,19]. 
CVD pathogenesis also characterized by elevated serum 
levels of inflammatory biomarkers such as C reactive protein 
(CRP) and fibrinogen [20]. 

Especially, an association has also been recorded between PD 
and high levels of chronic inflammation serum markers [21] 
and based on the suggested relationship between chronic 
inflammation and CVD, it has been considered a role of PD 
in CVD etiology [11]. Periodontal bacteria or their products 
affect directly the vascular endothelial cells because of 
bacteremia or indirectly because of the inflammatory 
reaction, conditions that can lead to CVD pathogenesis [22]. 
Several researchers and clinicians have observed that 
periodontal infection contributes to periodontitis and leads to 
systemic effects as significant associations have been 
recorded between PD and systemic diseases or disorders such 
as atherosclerotic cardiovascular diseases (ACVD), 
hypertension (HT), DM, respiratory diseases and allergies, 
endocrine disorders, cancer etc. [23]. Recent cohort and case- 
control researches have reported an association between both 
diseases [3,9,21,23-42], which is dependent on the severity of 
PD [3,43,44], whereas, few ones have shown no associations 
[45-50]. 

Previous studies have investigated the possible association 


between chronic periodontitis and HT, leading in controver- 
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-sial findings and focusing the need for more research [51- 
53]. 

Diverse possible explanations for the relationship between 
PD and CHD have been suggested. Periodontitis and CVD 
share several risk factors as already mentioned, another 
hypothesis suggested that there could be an underlying 
inflammatory response trait that places individuals at high 
risk for developing PD and atherosclerosis [44]. In addition, 
recent studies have shown that treatment of periodontitis 
reduces the serum concentration of inflammatory serum 
markers [20] and lipoproteins [31]. However, it remains 
controversial whether or not eliminating periodontal 
infections would contribute to the prevention of CVD [54]. 
A recent study reported similarities in the spectrum of 
bacteria in the oral cavity and in coronary plaques, and both 
diseases are characterized by an imbalanced immune reaction 
and a chronic inflammatory process [6], whereas significant 
similarities also exist in the pathogenetic processes of CVD 
and periodontitis, including monocyte hyper-responsiveness 
[55], elevations in systemic levels of C-RP [20], serum 
amyloid A (SAA) [56], and fibrinogen [57]. Moreover, 
genetic factors influence biological processes involved in 
both diseases, representing a potential mechanism that may 
link periodontitisto CVD [58] and could explain the positive 
association of these two pathological conditions [49], 
however these factors remain unknown at this time. 

The inconsistency of the findings could be attributed to the 
different methods, criteria, and indices used to assess or 
define PD, as there is no uniform criteria to define PD or to 
measure the extent and severity of PD [59]. The exact 
mechanisms implicated in this association are not fully 
understandable, despite the large amount of studies present in 
the international literature. In addition, it is difficult to 
establish or not a cause-and effect association between CVD 
and PD because of the long follow-up period and because PD 
is involved in several phases of the formation, growth, and 
rupture of the atherosclerotic plaque [60], and consequently 
its action is not sensible [61]. 

PD and mainly periodontitis and CVD are widespread 
pathologic conditions, and therefore an association between 
both diseases is an important scientific subject from a 


preventive point of view. For these reasons there has been 


strong interest in evaluating whether PD is independently 
associated with CVD. 

The aim of the current research was to investigate the possible 
association between oral health condition and CVD in a 


Greek adult population. 


Materials and Methods 


Study sample 

The study sample consisted of 1, 026 individuals, 500 females 
and 526 males aged 45 to 85 years. The study sample size was 
calculated using the EPITOOLS guidelines (https://epitools. 
ausvet. com. au) determined with 95% Confidence Interval 
(CI) and desired power 0. 8. In order to be obtained a 
representative study sample the study population was 
stratified by age and gender. 

All the participants were patients of a private dental and two 
private medical practices. The participants underwent an oral 
and clinical examination and answered a health questionnaire. 
The research was carried out between December 2021 to June 
2022. 

Participants eligibility criteria 

Participants’ selection criteria comprised age from 45 to 85 
years old. The participants should have at least 20 natural 
teeth, since less than 20 teeth could lead to over-or 
underestimation of the parameters and the possible 
relationships examined [62]. 

All participants should not have treated by conservative or 
surgical periodontal therapy during the previous six months 
or prescribed systemic anti-inflammatory or antibiotics or 
other systemic medication during the previous six weeks. 
Participants suffered from acute infections, malignant 
diseases, or received systemic glucocorticoids treatment, 
were not enrolled in the research protocol [63]. The 
mentioned criteria were determined for reducing possible 
influences due to known or unknown confounders on the 
study indices examined and because of potential effects of 
those conditions on the oral status. Third molars and 
remaining roots were also not included in the research. 
Questionnaire 

The questionnaire was a modified Minnesota Dental School 
Medical Questionnaire [64] included epidemiological 


parameters such as age, gender, smoking status (active 
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smokers/non-smokers), educational and socio-economic 
status and data regarding the general medical history with 
reference to medication and several chronic systemic diseases 
and disorders such as DM, HT, Stroke, and Myocardial 
Infarction (MI). 

For establishing the diagnosis of CVD the main question was 
whether a medical doctor had made the diagnosis of CVD. In 
addition, the CVD-patient should meet the following 
preconditions: ‘‘suffer from some degree of CVD, and sub- 
categories such as Stroke, MI and HT, do not suffer from any 
other relevant systemic pathological condition and usage as 
prescribed medication blockers for calcium channel 
(nifedipine or diltiazem), coumarin anti-coagulants and beta- 
blockers’’ [63]. 

The personal medical files of the participants were used for 
collecting additional data regarding the examined medical 
indices in the case that they did not recall details of their 
medical history. 

Oral clinical examination 

The oral and dental examinations were carried out by a well- 
trained and calibrated dentist and the following clinical 
indices were recorded: gingival index (GI), probing pocket 
depth (PPD), clinical attachment loss (CAL)bleeding on 
probing (BOP)and Plaque Index (PII). The mentioned indices 
were assessed by a William's 12 PCP probe (PCP 10-SE, Hu- 
Friedy Mfg. Co. Inc., Chica-go, IL, USA) at six sites per tooth 
(disto-lingual, lingual, mesio-lingual, facial, mesio-facial, 
and disto-facial). 

PPD severity was coded according to the criteria of the 
American Academy of Periodontology, as follows -score 0: 
moderate periodontal pockets, 4-6. 0 mm, and -score |: 
advanced periodontal pockets, >6. 0 mm [65]. 

CAL severity was coded according to the criteria by Wiebe 
and Putnins [66], as follows: -score 0: mild, 1-2. 0 mm of 
attachment loss, and -score 1: moderate/severe, > 3. 0 mm of 
attachment loss. Gingivitis severity was coded according to 
the following clinical signs: -score 0: no pathological signs of 
gingiva / mild gingival inflammation which corresponds to 
LGe and Silness [67] classification as score 0 and 1, and - 
score: moderate / severe gingival inflammation, which 
corresponds to Lée and Silness classification as score 2 and 


3. PPD and CAL records were estimated according to the 


immediate full millimetre. 

The presence or absence of BOP was coded according to the 
following clinical signs: -score 0: BOP absence, and -score |: 
BOP presence and determined as positive in case the reaction 
was occurred within 15 seconds of probing. 

Plaque Index (PII), by Silness and Lée [68] was assessed by 
the same probe at the mentioned sites. The presence of dental 
plaque was determined whether it was visualized with naked 
eye or existed abundance of soft matter within the gingival 
pocket and/or on the tooth and gingival margin (score 2 and 
3, respectively, according to PII) and considered as present if 
at least one site showed the characteristic sign. 

Tooth brushing was defined by the brushing frequency: >2 
times per day versus less or rarely, whereas dental follow-up 
was defined as regular, >2 times per year and irregular, <2 
times per year). Socio-economic status was classified: 0-1, 
000 € per month for low-income level and 1, 001 € per month 
and above for high income level. Educational level was 
classified: university/ higher institutions for high educational 
level and _ primary-elementary/high-school for low 
educational level. 

Ethical consideration 

Experimental studies in Greece require a study protocol 
which must be examined and approved by authorized 
organizations such as Ministry of Health, Dental Schools, etc. 
The current research was not an experimental one and the 
participants signed an informed consent form. 

Statistical analysis 

For each individual the worst values of the examined 
periodontal indices GI, PPD, and CAL and_ the 
presence/absence of BOP and PII were assessed at the six 
sites per tooth. 

Multivariate logistic regression analysis was used to assess 
which of the examined indices were best associated with 
CVD and its subgroups, MI, Stroke and HT. 

Odds ratios (OR's) with 95% confidence interval (CJ) for all 
types of CVD and the subgroups of myocardial infarction, 
stroke and hypertension were calculated with the mentioned 
model adjusted for age, gender, smoking, socio-economic and 


educational status. 
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Results 

Out of 1, 026 individuals examined, 343 were suffered from 
CVD, and its sub-groups. Table 1 presents the frequencies of 
CVD variables in individuals and in the various subgroups, 
stroke, MI and HT. 

After carrying out the logistic regression analysis model, an 
association between moderate/ severe gingival inflammation 
(GI) and all CVD in general was observed (p=0. 04, OR=1. 
87), and HT (p=0. 03, OR=1. 73). There was also an 
association between severe PII and all CVD (p=0. 022, OR=1. 
78), and HT (p=0. 015, OR=1. 88). Moreover, an association 


was found between BOP and all CVD (p=0. 01, OR=1. 89), 
and HT (p=0. 005, OR=1. 98). 

No associations were detected between all CVD and irregular 
tooth brushing frequency and dental follow-up, deep 
periodontal pockets, and severe clinical attachment loss. 
Associations were also found between smoking and all CVD 
(p=0. 037, OR=1. 35), smoking and Stroke (p=0. 027, OR=1. 
90), smoking and MI (p=0. 033, OR=1. 67), and smoking and 
HT (p=0. 04, OR=1. 32). Moreover, there was an association 
between DM and high blood pressure (p=0. 05, OR=1. 32). 


No associations were detected between all CVD and gender, 


age, educational and socio-economic status. 


Table 1. Frequencies of cardiovascular disease (CVD) variables in participants and in the various subgroups 


Variables All CVD Stroke Myocardial Infarction Hypertension 
Gender 
Males 156 (15. 2) 16 (1. 56) 21 (2. 05) 119 (11.6) 
Females 187 (18. 2) 23 (2. 24) 27 (2. 63) 137 (13. 4) 
Age 
41-50 18 (1. 75) 2 (0. 19) 3 (0. 29) 15 (1. 46) 
51-60 87 (8. 47) 7 (0. 68) 5 (0. 48) 43 (4. 19) 
61-70 95 (9. 26) 12 1. 17) 13 (1. 27) 67 (6. 53) 
71-80 77 (7. 50) 10 (0. 97) 17 (1. 66) 82 (8. 00) 
81+ 66 (6. 43) 8 (0. 78) 10 (0. 97) 49 (4. 77) 
Education level 
Low 146 (14. 23) 11 (1. 07) 19 (1. 85) 105 (10. 23) 
High 197 (19. 20) 28 (2. 73) 29 (2. 83) 151 (14. 72) 
Socio-economic status 
Low 174 (16. 95) 18 (1. 75) 28 (2. 73) 143 (13. 94) 
High 169 (16. 47) 21 (2. 05) 20 (1. 95) 113 (11.01) 
Smoking 
Never 200 (19. 50) 30 (2. 92) 37 (3. 61) 169 (16. 47) 
Previous/Current 143 (13. 94) 9 (0. 87) 11 (1. 07) 87 (8. 48) 
Diabetes Mellitus 
Absence 126 (12. 28) 12 1. 17) 15 (1. 46) 101 (9. 84) 
Presence 217 (21. 15) 27 (2. 63) 33 (3. 21) 155 (15. 11) 
Tooth brush frequency 
> 2 times/day 103 (10. 04) 13 (1. 27) 17 (1. 66) 115 (11.21) 
< 2 times/day 240 (23. 40) 26 (2. 54) 31 (3. 02) 141 (13. 74) 
Dental follow-up 
Regular > 2 times/year 95 (9. 26) 11 (1. 07) 14 (1. 36) 106 (10. 33) 
Irregular < 2 times/yea 248 (24. 17) 28 (2. 73) 34 (3. 31) 150 (14. 62) 
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Probing pocket depth 
4-6. 00 mm 133 (12. 96) 15 (1. 46) 18 (1. 75) 97 (9. 45) 
> 6.0mm 210 (20. 47) 24 (2. 34) 30 (2. 92 159 (15. 50) 
Clinical Attachment Loss 
1. 00-2. 00 mm 141 (13. 74) 17 (1. 66) 21 (2. 05) 83 (8. 09) 
> 3.0mm 202 (19. 69) 22 (2. 14) 27 (2. 63) 173 (16. 86) 
Gingival Inflammation (GI) 
Absence/Mild 117 (11. 40) 10 (0. 97) 11 (1. 07) 71 (6. 92) 
Moderate/Severe 226 (22. 03) 29 (2. 83) 37 (3. 61) 185 (18. 03) 
Bleeding on probing 
Absence 121 (11. 80) 13 (1. 27) 13 (1. 27) 77 (7. 50) 
Presence 222 (21. 63) 26 (2. 54) 35 (3. 41) 179 (17. 45) 
Plaque Index (PII) 
Absence 115 (11. 21) 7 (0. 68) 9 (0. 88) 66 (6. 43) 
Presence 228 (22. 20) 32 (3. 19) 39 (3. 80 190 (18. 52) 


Table 2. Odds ratios and 95% Confidence Interval for CVD associated with various indicators of oral health (each category refers 


to the no alternative in the questionnaire) 


Variables All CVD Stroke Myocardial Infarction Hypertension 
OR p-value OR p-value OR p-value OR p-value 
Toothbrush (irregular) 1. 73 0. 08 0. 37 0. 56 0. 44 0. 42 1. 840. 40 
(1. 12-2. 32) (0. 15-1. 12) (0. 25-1. 21) (1. 32-2. 14) 
Dental follow-up 1. 42 0. 54 0. 57 0. 65 0. 63 0. 57 1. 20 0. 32 
(irregular) (0. 72-2. 12) (0. 23-1. 32) (0. 72-1. 42) (0. 81-1. 76) 
Deep periodontal 1.180. 61 1.220. 52 0. 74 0. 72 1.270. 49 
pocket (0. 67-1. 95) (0. 53-1. 82) (0. 43-1. 25) (0. 77-1. 94) 
Severe Clinical 1. 62 0. 32 1.140. 44 0. 67 0. 85 1. 840. 21 
Attachment Loss (1. 12-2. 31) (0. 57-1. 83) (0. 24-1. 66) (0. 73-2. 84) 
Moderate/Severe 1. 87 0. 04* 1.28 0. 49 0. 83 0. 66 1. 73 0. 03* 
Gingival Inflammation (1. 12-3. 11) (0. 51-1. 64) (0. 31-1. 12) (1. 28-2. 84) 
Bleeding on probing 1. 89 0. 01* 0. 58 0. 27 1.73.0. 14 1. 98 0. 005* 
(presence) (1. 29-3. 15) (0. 19-1. 26) (0. 68-1. 81) (1. 73-3. 41) 
Plaque Index (presence) 1. 78 0. 022* 1. 03 0. 83 1. 08 0. 28 1. 88 0. 015* 
(1. 26-2. 88) (0. 42-1. 33) (0. 87-1. 15) (0. 64-2. 51) 
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smoking and DM (mark | in the ratio indicates the reference group) 


Table 3. Odds ratios for cardiovascular disease (CVD) associated with gender, age, educational and socio-economic status, 


Variables All CVD Stroke Myocardial Infarction Hypertension 
OR p-value OR p-value OR p-value OR p-value 
Gender 
Males 1 Ref 1 Ref 1 Ref 1 Ref 
Females 0. 83 0. 77 0. 48 0. 08 1.150. 25 1. 72 0. 072 
Age 
41-50 1 Ref 1 Ref 1 Ref 1 Ref 
51-60 1.120. 45 1.540. 20 1. 45 0. 27 1.320. 13 
61-70 1.35 0. 33 1.320. 48 1.290. 15 1.440. 21 
71-80 1. 47 0. 04 1. 440. 32 1.220. 14 1.220. 45 
81+ 1. 29 0. 38 1. 150.07 1.120. 09 0.95 0. 31 
Education level 
High 1 Ref 1 Ref 1 Ref 1 Ref 
Low 1.280. 61 1.070. 94 0. 78 0. 81 1.41 0. 25 
Socio-economic status 
High 1 Ref 1 Ref 1 Ref 1 Ref 
Low 0. 87 0. 28 0. 44 0. 07 1. 22 0. 08 0. 75 0. 061 
Smoking 
Never 1 Ref 1 Ref 1 Ref 1 Ref 
Previous/Current 1. 35 0. 037* 1. 90 0. 027* 1. 67 0. 033* 1. 32 0. 04* 
Diabetes Mellitus 
Absence 1 Ref 1 Ref 1 Ref 1 Ref 
Presence 1. 220.07 1.100. 45 1.170. 51* 1.32 0. 05* 


(bold)*: p statistically significant 


Discussion 

The present study showed that gingival inflammation, as 
expressed by indices such as GI, BOP and PII was associated 
with an increased risk of CVD, and especially HT. No 
association was recorded between PPD, CAL, regular tooth 
brushing frequency, regular dental follow-up and CVD and 
its subgroups. 

MI, HT, atherosclerosis diseases for coronary artery, heart 
failure (HF), arterial fibrillation (AF), infective endocarditis 
(IE), and peripheral artery disease (PAD) have been associate 
with PD, and especially with periodontitis [69]. 

A large amount of studies [31,37,38,70-73] recorded that PD 
was a possible causal factor of CVD. Other investigations 


[29,40,41,74] suggested that there may be some association 


between periodontal inflammation and coronary heart disease 
(CHD). Several meta-analyses, case-control, cross-sectional, 
and longitudinal studies recorded that patients with chronic 
periodontitis were at greater risk for developing CHD, even 
after adjustment for a variety of potential confounders, 
whereas most of the results reporting a lack of association 
between both disease were from prospective studies 
[3,9,34,42,70-78]. 

Little [47] reported that none of the studies from 2005 to 2008 
have shown a cause and-effect relationship between the 
examined diseases. Similar articles found no significant 
association between periodontitis and CHD [49,50,54,79-81]. 
This may be attributed to differences in the target population 


and the periodontitis definition, whereas in some studies, 
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periodontitis was self-reported, and then no significant results 
were recorded [79,80]. Bokhari and Khan [46] reported that 
all studies on the relationship of PD to CVD were 
inconclusive and most of the data was based on 
epidemiological studies. 

MI and PD have many common risk factors, such as smoking, 
DM, and infection [29,82]. Various studies indicated that PD 
was associated with an increased risk of MI [80,83-89], and 
the association appeared to be independent after adjusting for 
age, gender, smoking, educational and socio-economic status, 
DM, HT, and BMI. In addition, oral health in patients with 
MI has been found to be worse than healthy controls [90]. In 
these times, it is suggested that both MI and PD are 
multifactorial in nature, however, epidemiological studies 
failed to find an association between both diseases [79]. 

On the other hand, a recent systematic review by Sidhu 
detected that no association between MI and PD was 
confirmed [91]. 

A conducted meta-analysis indicated that periodontitis was 
associated with an increased risk of stroke [92], and in another 
survey in a Senegalese population was found that PD was 
associated with stroke [93]. 

Recent scientific evidence suggested a possible link between 
PD and systemic inflammation [21,56,57,94,95] which in 
turn is associated with an increased risk of HT [96,97]. HT is 
one of the main risk factors for CVD [98], and an important 
modifiable cardiovascular risk factor and consequently all 
measures aimed at identifying and controlling its 
development and progression are a worldwide public health 
priority [99]. 

Various researches have previously estimated the association 
between PD and HT, but so far little is known about the 
natural history of the mentioned association. Those studies 
reported a variety of PD measures and used different 
definitions of HT outcomes. PD was associated with a higher 
risk of HT [100-112], and especially in cases of severe 
periodontitis [52,53,100,101,105, 113,114], after adjusting 
for age, gender, current smoking and number of teeth. 
Another research suggested evidence of a causal relationship 
between periodontitis and HT using two complementary and 
independent research methods [115]. Self-reported assessed 


periodontitis was associated with incident arterial HT over an 


8-year period [116]. 

It has also been suggested higher HT values in individuals 
with missing teeth [117,118], as periodontitis is the major 
cause of tooth extraction and tooth loss among adults. 
Moreover, treatment of periodontitis may reduce systolic and 
diastolic blood pressure by 12 mmHg and 10 mmHg, 
respectively [119], whereas periodontitis can also result in 
ineffectiveness of antihypertensive medication [119,120]. 
Arterial HT and periodontitis often coexist, especially with 
parameters such as advanced age, male gender, cigarette 
smoking, DM, increased BMI, low socio-economic and 
educational status [121]. 

In a cross-sectional study among Puerto Rican elderly 
individuals, a significant and strong association between PD 
and blood pressure was observed but no association was 
found between clinically measured severe PD and self- 
reported hypertension diagnosis [51]. 

Cohort studies [106,122,123] confirmed a _ temporal 
association between periodontitis and incidence of HT 
although this was not statistically significant, whereas in a 
similar report a positive association was found, but after 
multivariate adjustments this association was no longer 
significant [81]. 

On the other hand, in a prospective study among U. S. health 
professional males, no association was found between severe 
periodontal bone loss and the risk of HT during 20 years of 
follow up [113]. In an analysis of 11, 029 U. S. individuals 
(17-year-old and older) [124] no significant association 
between PD severity and HT was recorded after adjusting for 
possible confounders. 

One of the strengths of the mentioned articles was PD status 
clinical assessment. Another research showed no evidence 
that periodontitis is a risk factor for HT or that periodontal 
treatment has beneficial effects on blood pressure [125]. 

As already mentioned no association was found between the 
presence of PPD and CVD, finding that was in accordance 
with that from a previous article by Hakansson and Klinge 
[126], and Hujoel et al. [54]. This finding suggests no 
relationship between periodontitis and CVD. An explanation 
would agree with the findings of a previous article by 
Morrison et al. [127], who showed that the relative risk of 


dying of CHD was higher in individuals with mild or severe 
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gingivitis than in those with periodontitis. 

On the contrary, similar reports found significant results 
when PPD was used as a main indicator of periodontitis 
[33,37,39,101]. An interesting article in which smoking 
appeared to confound the association between periodontal 
condition and blood pressure [128], showed that the number 
of teeth with =>4 mm periodontal pockets associated 
Statistically significantly with systolic blood pressure in the 
whole study sample, whereas among never or daily smokers, 
no consistent nor statistically significant associations 
between the number of teeth with >4 mm periodontal pockets 
and systolic/diastolic blood pressure were observed. A similar 
survey by Tsakos et al. [52] confirmed the mentioned 
outcomes. 

The current research showed no association between CAL 
and CVD development. However, Hung et al. [39] recorded 
that CAL could be an indicator for traditional risk factors for 
CHD. Andriankaja et al. [88] reported a slightly smaller effect 
of CAL on ML, obtaining OR 1. 34 for males and OR 2. 08 
for females after adjustment for age, smoking, DM, physical 
activity, and BMI. 

Machado et al. [129] also assessed the advancement of 
periodontitis on the basis of CAL and found that patients with 
periodontitis were characterized by an increased risk of HT, 
and that the age of the patient had a significant influence on 
this association after adjusting for age, BMI, and smoking. In 
another report was recorded that CAL and number of teeth 
missing were associated with blood pressure in post- 
menopausal females [130]. Similar results recorded by 
Tsakos et al. [52]. 

The outcomes also revealed that BOP was significantly 
associated with CVD, and especially HT. Johansson et al. 
[33] recorded that CHD patients had significantly higher 
BOP, whereas in a recent report by Pietropaoli et al. [131] the 
relationship between periodontal inflamed surface area 
(PISA) and BOP with the risk of arterial HT was assessed and 
a significant association demonstrated between BOP and the 
risk of arterial HT. 

Pietropaoli et al. [132] in another survey showed that unstable 
periodontitis and gingivitis linked to gingival bleeding were 
associated with an increased risk of uncontrolled/high blood 


pressure. The measurement of BOP, that is a marker of active 


periodontal inflammation has been used for assessing the 
possible association between PD activity and HT. An analysis 
of a multi-ethnic US representative article indicated that BOP 
was the only measure consistently and _ significantly 
associated with raised systolic blood pressure after 
multivariate adjustments [52]. 

It is suggested that BOP contributes to increase the risk of 
high/uncontrolled BP, an effect that is amplified when BOP 
is considered in combination with chronic disease indices 
[132]. A case-control study demonstrated that BOP and bone 
loss, was independently associated with ischemic stroke 
[133]. 

Gingival inflammation as expressed by GI was found to be 
Statistically significant with CVD development, HT 
especially, finding that was in accordance with that from a 
previous report [74]. A clinical survey by Darnaud et al. 
[134], for individuals > 65 years, revealed no significant 
association between gingivitis and the risk of arterial HT. In 
contrast, among individuals < 65 years of age, an association 
was observed between gingivitis and the risk of arterial HT. 
A recent article [135], indicated that periodontitis was a CVD 
risk factor dependent on LGI (low-grade inflammation). 
Another survey by Hung et al. [39] showed that GI could be 
an indicator for CHD traditional risk factors, and the most 
plausible explanation was that periodontal indices were 
associated with poor oral hygiene, which in turn were 
associated with oral hygiene related cardiovascular risks as 
presence of worse periodontal indices, such as deep pockets 
and severe CAL. 

Studies that have estimated the possible relationship between 
indices such as PII have not been carried out. The current 
study showed a significant association between PII and the 
risk of CVD development, especially HT. A statistically 
significant relationship between the systolic and diastolic 
blood pressure and oral hygiene index recorded in a research 
by Arowojolu et al. [136]. Darnaud et al. [134], in a clinical 
research showed an association between dental plaque and the 
risk of arterial HT among individuals <65 years but not 
among individuals > 65 years, indicating a relationship 
between poor oral hygiene and risk of HT development. 
Similarly, few articles have been examined oral hygiene 


indices such as regular toothbrush frequency and regular 
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dental follow up with the risk of CVD development. Poor oral 
hygiene, never/rarely tooth brushing, was associated with 
higher levels of CVD risk [107]. Su-Yeon Hwang [137] 
recorded that tooth brushing frequency was significantly 
associated with incident HT after full adjustments for 
covariates, and similar articles suggested that poor oral health 
was a more important risk for CVD in younger and middle- 
aged individuals than in older ones [54]. 

Individuals with poor oral hygiene behavior are more likely 
to have a higher prevalence of HT, even before the 
appearance of periodontitis. Oral hygiene behavior may be 
considered an independent risk indicator for HT, and 
maintaining good oral hygiene may help to control and 
prevent HT. 

The pathophysiologic mechanisms that may explain the 
association between periodontitis and HT concern endothelial 
dysfunction [57,138], oxidative stress [139,140], biologic and 
inflammatory pathways [57,138,140], bacteremia and 
immune response [141-143], interaction among DM insulin 
resistance, metabolic syndrome and oxidative stress [144- 
146]. 

The most common CVD risk factors are advanced age, male 
gender, DM, cigarette smoking, socio-economic and 
educational status [9-12]. However, the current research 
showed that smoking was significantly associated with the 
risk of CVD development and its subgroups. The current 
research has certain limitations. As a retrospective study has 
a limited reliability compared with prospective ones. Another 
limitation was that it is not clear whether gingivitis or 
periodontitis precede CVD and because of that, it is difficult 
to establish a causal relationship between diseases examined. 
As in the study protocol enrolled individuals who had at least 
20 remaining natural teeth, it is possible an underestimation 
of older individuals who suffered from PD and who may have 
lost their teeth due to periodontal reasons. In addition, the 
present study recorded conventional periodontal indices and 
not more reliable PD parameters such as alveolar bone height 
/ loss or the total number of remaining or missing teeth. 
Another minor limitation was that the diagnosis of CVD was 
based on self-reported data, consequently, responses of the 
out-patients to the questionnaire items may suffer from 


inaccuracy as they may under-report, over-report or choose 


not to report. This epidemiological issue could be solved by 


data collection from the personal medical files. 


Conclusions 

The current research indicated that oral health and, especially 
gingival inflammation, plaque accumulation and presence of 
bleeding on probing were associated with CVD and 
hypertension. 
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